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d fh 3 Z m £ " me ! a ' b0,h - im ° ,he Chamber and out th ™*h the 
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rfS '° a -n 0U |f Ut 3nd 3 butl0n ada P' or « fe "ding from the 
d cha ge. The button is dimensioned so that i, can connect a 
metal transfer conduit without the use of cement thereby reducing 

^ «"T C0$B ^ d0Wmime - Funhcr - the vertical memterf 
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may be secttona so that an HH :orrosive materials may be used for 

m .affu^A m"^ T, - " m0St COn0sive areas 0( tte ™»™ 
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Molten Metal Pumping Device 

Field of the Invention : 

The present invention relates to devices for pumping molten metal. More particularly, the 
5 invention relates to a more efficient molten metal pump that includes low-mainccnance. ea>y-to-replace 
components. 

Background of the Invention : 

Devices for pumping molten metal (referred to herein as molten metal pumps or pumping 
10 devices), particularly molten aluminum, and various components that can be used with these devices 

are generally disclosed in U.S. Patent No. 2.948,524 to 

Sweeney et al. and U.S. Patent No. 5.203.681 to Cooper entitled "Submersible Molten Metal Pump," 
the disclosures of which are incorporated herein by reference. 

A problem inherent in prior art devices is costly, time-consuming maintenance. Molten metal 

15 pumping devices operate in an extremely hostile environment, usually a molten aluminum bath. The 

molten aluminum is maintained at a temperature of 1200-1 500°F and contains contaminants, such as 
magnesium, iron, dross and pieces of brick. Additionally, chlorine gas, which is highly corrosive, is 
usually released in the molten aluminum to react with and remove the magnesium. As a result of the 
high temperatures and chemical composition of the metallic bath, the bath is extremely caustic and 

2 0 gradually oxidizes the pumping device's components. 

Another problem with molten metal pumps is related to the pressure generated by pumping the 
metal and the presence of solid particles within the molten metal bath. Molten metal pumps include a 
motor, a rotor shaft, a rotor (or impeller) and a pump base. The pump base has a chamber formed 
therein, an input port(s) (also called an inlet(s)) and a discharge that leads to an output port (also called 

2 5 an outlet). The input port and discharge are in communication with the chamber. The motor is 

connected to the rotor shaft and drives, or spins, the rotor shaft, connected to the rotor, which is located 
within the pump chamber. The molten metal enters the chamber through the input port(s) and the 
spinning rotor forces ( i.e., pumps) the molten metal through the discharge and out of the port. 

The pressure generated by pumping the molten metal can cause the rotor shaft to move 

3 0 eccentrically (i.e. to wobble). Further, if solid particles such as slag or brick enter the pump chamber 

and strike the rotor, the rotor shaft is jarred. Eccentric movements and sudden changes in speed caused 
by jarring can damage the rotor shaft or the coupling that joins the rotor shaft to the motor drive shaft. 
In order to prevent the rotor shaft from breaking, and to prevent damage to the coupling, the coupling 
should be flexible to allow for movement. 
3 5 Further, when dross, pieces of brick or other solid particles enter the pump chamber they may 

wedge between the rotor and the upper wall of the pump chamber, which may cause the rotor to jam 
and the rotor shaft to break. One solution to this problem is described in U.S. Patent No. 5.203,681 to 
Cooper entitled "Submersible Molten Metal Pump." This patent discloses a pump having a non-volute 
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P«n,p K Mw for passase M Even ifto!^ uoliKd . hoover. ,„,„ paniclc , 

jamming the rotor. s 

Further mo.ten meta. pumps come in several versions, one of which is referred to as a transfer 
pump. A transfer pump normally has a discharge formed in the top of the pump nousin „ A ^ 
transter condui, or nsc, extends from the discharge and out of the metallic bath where KCncrallv " 
supponed by a metal support structure known as a superstructure and is connected to a 90- e.b'ow The 
transfer pump pumps molten metal through the discharge and through the meta.-transfer conduit and 
e bow where u exits mto another metallic bath chamber,,., the moiten meta. is transferred to another 
chamber, Uti. now. the metal transfer condu.t has been cemented to the discharge open,,,, and ,o the 
.eel superstructure. Although cementing the condui, generally works we... „ j, extrcme.v'difficu., to 
rep ace a meta.-transfer condua so connected because: I ) the pump must be removed from the metall.c 
bath and cooled. 2) the cement must be chiseled away. 3) the new condui, must be assembled and 
cemented ,o the discharge. 4) the conduit mus, be cemented to the steel supponm, structure, and 0 the 
new cement must be cured to remove moisture, a process that, by itself, norma.lv takes approx.mate.v 
twenty rour hours. The entire replacement operation can take up to two days 



Summary of rhr i nvention - 

The present invention so.ves these and other prob.ems by providing a molten meta. pumping 
dev.ee compnsing a mo.ten meta. pump including a rotor s.zed to fit within the pump chamber and to 
extend beyond the pump input port. As the rotor spins, the portion extending beyond the input port 
eflects many so.id pante.es rather than aUowing them to enter the pump chamber. This reduces the 
ke hhood o. jams occurring. Optiona.ly. the rotor can be a dual-How dev.ee. One embodiment of a 
dua.-f.ow rotor of the present invention has substantia.* veruca.ly-onented vanets, that have a too 
port.on ang.ed towards the horizontal axis. As the rotor spins, the ang.ed top portions) direct the 
moiten meta. down into the pump chamber and the verucally-oriented portion,*, direct the molten meta. 
outward against the wal, of the pump chamber, where the meta. is eventual* directed out of the 
discharge. 

The pumping device of the present invention also includes a novel coupli„ g for connecting the 
rotor shaft to the motor drive shaft where.n the coupling compnses a first coupling member and a 
second coupling member with a flexible disk disposed therebetween. The first coupling membe. 
connects to the motor drive shaft and the second coupling member connects to the rotor shaft If the 
rotor shaft moves eccentrica.ly or is jarred, the flexible disk absorbs the movement, whether i, be side- 
to-s.de or up-and-down, or a combination of both, in a full 360' range, thus pre ventin* the rotor shaft 
irom breaJung and preventing damage to the coupling or to the motor shaft. Furthermore, the couplings 
performance relies solely on the flexibility of the disk; it does not require lubricants to maintain its 
flextbthty. Additionally, the coupling is not connected to either the motor drive shaft or rotor dnve shaft 
by a threaded connection. It drives the rotor shaft by transferring force through coupling surfaces that 
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mate with surfaces of the rotor shaft, which is described in greater detail here.n 

The present invent.on also includes a pump.ng device comprising a transfer pump havin* a 
metal-transfer conduit that is no, cemented or similarly affixed to the pump base or the stee, 
superstructure. Preferably, the metal-transfer conduit has a first end configured to either rest on a button 
attached to the pump output port or to fit into an angled bore.formed in the discharoe The metal 
transfer condu,, also has a second end opposite the firs, end that ,s supported bv a two-piece coup lins 
«ha, engages the conduit without the use of cement or other sea!ant. With the noncemented structure 
of the present invention, it takes only a few hours to replace the metal-transfer conduit 

Further, any venical member, such as the meta.-transfer conduit, support posts or shaft of the 
present mven.ion can be prov.dcd as a plura.ity of connectable sections so that the section in contact 
w,th the extremely corrosive surface of the metal.ic bath may be individually replaced or be formed of 
h.ghly eorroston-resistan, material, such as ceram.c; whereas the rest of the condu.t mav be formed of 
less expensive material, such as graphite. This structure also allows for the replacement of an indi vidual 
worn sect.on of a venical member, instead of having to replace the ent.re member. 

I. is therefore an object of the present invention to prov.de a pump.ng dev.ee that mcreascs 
pumping efficiency. 

It .s a funher object of the present invention is to provide a device that includes a dual-How 



rotor. 



It is a further object of the present invention to reduce jamm.ng that occurs ,n molten metal 
<- 0 pumping devices. 

It is a further object of the present invention to provide a pumping device that reduces 
maintenance downtime. 

1. is a further object of the present invention to provide a pump.ng device mcludin. a rotor shaft 
coupl.ng that allows for eccentnc movement and that does not requ.re lubneation. 
2 5 It is a further object of the present invention to provide a pumping device includine a rotor shaft 

coupling that has no threads. 

• • It is a further object of the present invention to provide a transfer pump including a metal- 
transfer conduit that is not cemented to the pump base. 

It is a further object of the invention to provide a transfer pump as defined above wherein the 
metal-transfer conduit is supported by a pump superstructure without the use of cement. 

It is a funher object of the present invention to provide sectional vertical members including 
a secttonal rotor drive shaft, sectional support posts and a sectional metal-transfer conduit wherein the 
sections can be connected with or without the use of cement or other sealants. 

It is a further object of the present invention to provide a furnace thermocouple integral with 
3 5 the pump. * 

These and other objects will become apparent to those skilled in the an upon reading the 
following description and appended claims. 
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Brief Descri ption of thr rirwin., . 

Figure . i s a front, part.al-sect.onal view of a molten metal pump i„ accordance w,,h the 
mvent.on hav.ng a pump discharge formed in the s.de of the pump housing 

5 on- ,k Fi8UrC ^ " " Cnlaf8ed - SeCti ° nal fr ° m V ' CW ° f PUmp ChambCr shown ™ ' hav-ne a 
5 90 elbow attached to the output port and a transfer conduit attached to ,he elbow 

Figure 2 is a front perspective view of a pump in accordance with the present invenoon hav.no 
a discharge and output pon formed in the top surface of the pump hous.ng and a transfer conduit having 
one end attached to the output pon and one end secured to the superstructure. 

Figure 3 is an enlarged perspective view of a Camp used to secure the metal-trnnsfer conduit 
- <- to the pump superstructure without the use of cement. 

Figure 4 is an exploded view of the clamp shown in Fig. 3. 

Figure 5 is an exploded, partial cross-sectional view of an alternate clamp that can be used 
to secure the metal -transfer condu.t without the use of cement. 

F.gure 6 is a perspect.ve v.cw of a rotor ,n accordance with the present mvent.on 
F.gure 7 i, a side, cross-sectional v.ew showing the rotor of Fig. 6 positioned in a pump 

Figure 8 is a perspective view of a dual-How rotor in accordance with the invention 
F.gures 9a-9d are perspective v.ews of alternative dual-How rotors ,n accordance with the 



invention. 



Figure .0 is a perspective v.ew of a shaft coup.ing in accordance with the present invention 
F.gure 10a .s an exploded, perspective view of the coupling shown in Fig. 4. 
Figure 1 1 is a parnal. rear perspective view of a transfer pump base hav.ng a button attached 
to the pump outlet port. 

Figure 1 2 is a front cross-sectional v.ew of an alternate transfer pump base including a maun* 
metal-transfer conduit in accordance with the invention. 

Figure 1 3 shows a sect.onal metal-transfer conduit .n accordance with the mvent.on 
Figure 13a shows an alternative sectional metal-transfer conduit in accordance with the 



invention 



Figure 14 shows a furnace thermocouple mounted in a support post in accordance with the 
•3 0 invention. 

Figure 15 shows a pump base having a stepped surface that makes a substantially-tight 
connection with a riser tube having a stepped end. " " 



Detailed Description nf n Preferred PmhnHim^, 

Referring now to the figures, where the purpose is for describing a preferred embodiment of 
the mvenuon and not for limiting same. Fig. 1 shows a pumping device 10 submerged in a metallic bath 
B, Dev,ce 10 has a superstructure 20 and a base 50. Superstructure 20 is positioned outside of bath B 
when dev,ce 10 is operating and generally comprises a mounting p.ate 24 that supports a motor mount 
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26. A motor 28 is mounted * mount 26. Motor 28 is preferably electric or pneumatic a.thouch. as used 
herein, the term motor refers to any device capable of driving a rotor 70. 

Superstructure 20 is connected to base 50 by one or more support posts 30. Preferably posts 
30 extend through openings (not shown, in p.ate 24 and are secured by post Camps 32. which arc 
5 preferably bolted to the top surface ( preferred) or lower surface of plate 24. 

A motor dnve shaft 36 extends from motor 23. A coupling 38 has a Urs, coupling member .00 
attached to dnve shaft 36, and a second coupling member 1 80. attached to a rotor shaft 40. Motor dnve 
shaft 36 dnves coupling 38 which, in turn, dnves rotor shaft 40. Preferably nether coupling 38 nor 
shaft 40 have any connecting threads. 
1 C Base 50 ,s preferably formed from graphite or other suuablc material. Base 50 includes a top 

surface 54 and an mput port 56. preferably formed in top surface 54. A pump chamber 58 which „ ,n 
communication with port 56. is a cavity formed within housing 50. A discharee 60. shown in Fi* la 
« preferably formed tangent.ally with, and is in fluid communicat.on with, pump chamber 58 
D,scharge 60 leads to an output port 62. shown in Fig. la as being formed in a side surface of housine 
50. A .ear nng or bearing ring 64 is preferably made of ceramic and is cemented to the lower edee of 
chamber 58. Optionally, device 1 0 may incorporate a metal-transfer conduit, or riser. 300 connected 
to output port 62. Conduit 300 is preferably used in conjunction with an elbow 508 to transfer the 
pumped molten metal into another molten metal bath. 

The rotors of the present invention may be used with any type of molten metal pump- they arc 
2 0 not limited to use in transfer pumps. As shown in Fig I . rotor 70 is attached to and dn v en by shaft 40 

Rotor 70 is preferably placed centrally within chamber 58. Referring to Fias. 6-7. rotor 70 is preferably 
triangular (or trilobal) having three vertically- oriented vanes 72. and is imperforate, bein* formed of 
sol.d graphite. Rotor 70 may. however, have a perforate structure, such as impellers referred to in the 
an as b.rd cage .mpellers. have any number of vanes, and be of any shape, and formed of any material 
so long as it extends beyond input port 56 of base 50 when device 10 is in operation. As it will be 
understood, should input port 56 be formed in a surface other than top surface 54 of base 50. rotor 70 
would still extend beyond input port 56. so that « can deflect solid panicles and prevent them from 
entering the input port. 

Rotor 70 funher includes a connective portion 74. which is preferably a threaded bore, but can 
be any structure capable of drivingly engaging rotor shaft 40. Angled shoulders 76 are formed as part 
of vanes 72. A flow blocking plate 78 is preferably formed of ceramic and is cemented to the base of 
rotor 70. Plate 78 rides against bearing ring 64 and blocks molten metal from entering or exiting 
through the bottom of chamber 58. (Alternatively, plate 78 could be replaced by a plurality of 
individual bearing points, or the bearing ring could be eliminated, in which case there would be 
openings between the tips and wear ring 64 that would function as a second input port.) 

Preferred dual-flow rotor 80 is shown in Fig. 8. Rotor 80 has the same overall design as 
previously-described rotor 70 except that vanes 82 each include a vertically-oriented portion 84 and a 
portion 85 at the top 86 of at least one vane 82 that is angled towards the horizontal axis H. The 
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respecuve v en ,cal and honzona. oncnuuon of the pon.ons dcscnned here,,, „ i„ refercn , , 

~z:zi~z-zzz 

Alternative dual-flow rotor designs are shown in Fi*s 9a-9d Th* H..m n 
*~ — — «. P-P to » Joouo so ' 0,0r0 ' '~ 

As be» .shown in Figs. 10 and 10.. coupling 38 gencmllv coronnscs „ fir,, c<n»li. 
.00. . disk ,50 md . coup|i „ 8 mcmb „ , so firei fa • ' « 

of — and „ preferably SKC| , md compris£s a cota |02 ^ m annuijf ■ P ™ 

h* an on,™ l06 dimtns , oned , orece , ve ^ )nMshown) C » ; 

» , ren ed apcrrures , 08 (preferaWy , nree , ^ ^ abom - £ 

hreud.ng.y ^ bohs , ,0 rt .„ shaf , 36 „ receive(j ,„ anj • P ^ 

™ ourcr TOC 0 , shaf , „ [0 ^ ^ m ^ h(nce £~ 

^ C0 " n "" V5 — "» *- «* '« M. 1 ,0 naov be u,,„«d. Finn., , 4 s 

Disk 150 is preferably a multiple, laminaie comprised of pieces of ,hi„ nexibl, n. , , 
.prefeaably !K e„ „,hcr ma , er in,s mny be u«d. Disk ,50 bjcodiallv 1 ^ 

'*<*-*»">>•**> * — .5. folcenL Ic l 

Second coupling , 80 is ,„ ^ ^ ^ ^ • 

preferably fooned of such ns s«e, or allhough 0 , h „ ^ „ ^ J™ 

1 I '" ,hTO rJdia " y - SPa " d - ^ "~ - ' - paced 

ino, shown, on no uppers , 8 3. The oces and dlmpfa „ smd md ^ 

Drive pordoo , 84 include, , .socker ,86. w„, cn pr.len.bly hns two opp»i„g no, prince, 188 

~„, connsured , 0 te racivcd ,„ and dnven by ^ m wUhou[ ^ ^ 

^edconnncuon. Socke. ,„ inc , udK a , igncd . ^ „, ^ „.„ 

"'7" -orsbufiUOis^eed in »c te 186 . lbo „ „^ 

11*^? '"" T 0 ' ,s ^ *"* one lpenure *• — ^ ■» » ** « 

1 ! aPenUre ' " 3 b °" " 2 m Sh01 ™» is — «— — end 

" " " «** » rreriienNy nlign shnf 40 nod hence roror ,0 in pomp 

-d^**,^^.^*.^ ,„*ee m dod, m en,^, abol , 0 X 
does not drive the shaft. P ' 

When assented, firs, coupling member 100 is placed on disk .50 and aligned so that apertures 
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ll-abgnwithap^un. S"onbo llsl 94 m , he „ pilssed , h 

disk ,50 a g a,„ s , firs, coupllns ,„„ " P Won so a s ,o tighten 

Dtsk 150 is ,h«„ placed on surface I S3 so ,„a, ,„« „ uls on Ma , w „ c 

Long bobs , N are ,n« n passM , hrough „ e reTOin , ihrM - • -» * y*. 

r :r 54 ™ d * d,sc,w?e 60 — - - — - «• — » ^ r: : : : 

» hercn. *. ,e™ discharge rotcrs „ the „a y ^ from fc pump ^ 
output pen. and the outpu, pon , s lhe actual openl „ 8 ,„ , hc e<ienor surfacc ' « » * 

xtenston p,«e ■ , ,s attached to output po„ 62 and defines a P ,,, a g.w ay foTOd . ' m ^ 
Ottec, the now o, the puntped nsolten nteta, upward. A ^ „ ^£ 

™ mtmb " ' ' ^ * *< — - *~™ «« - - H cetnented thereto ,11 

,s ««»">■ *~"bed in U S. Patent No. 5.203.68 1 ,„ Coopo,, 
As shown in Figs. 2 and 1 1 . a base SO may incbde a button :oo that is pcefembl, attached to 
or ,„»gr a d y f o m .d w„ h . base 50-. As show, button 2 00 has a cyfindHcn, b L 302 17 ^ 
onton 204. A prefer^ c y ,i„drfca, passage 206 is defined within bmm 200. Cyhndnca, b^ 
has a buttons edge 20, that rests o„. and is p,e f erab ly cetnentud ,„. upper surface ». whe re „ £1 
•surround, output port 62 so thu, output pon 62 and passage 206 cotnnnrntcate with one nnothe, 

A mctnl-nrnsfor condu,,. or rise. 300' is used in conjunction with base 50. Conduit 300' is 
m cvhndnca, and has a firs, cud 302 tha, is ,„ Kroa „ y d,_. d t0 ^ ^ 

As used h.na,„. the «™ subsmntially ttgh, connecbon tnestns thn. when ^ mral „ " 
through output pun 62 and through button 200 into n^-Wer conduit 300'. ..... thcro J* 1 

a nnnttna, anuntn, of ksakag.. IMlem . Mnly . the connection between the bnnon and the riser n, ay be 

rr RS ' ' 5 ' ™ d ^— * * —ions ^ ais. bu usud,. « 

■nay be of an, S12 n and shape as ,„ng a, it ahows for a substantia,!, tight connection between i, and 
co*u,t 00, Alldi „, , hlgh ntef ^ maMnal juch ^ - - 

sktned atunm can be used ,„ help sea! between *, buIton and , he ^..^ ^ 

In another aspnc, of the invention gcnnmll, shown i„ Fig. 1 2. u bus. 50" is shown which has 
he snnte con.tgu^ton as hasp 50' except for output porf 62". which is tape* o, nrh«rw« 
■nunoonod to recntun e „d 302" of conduit 300" to fom, a substantia,,, „ s h, connecdon. Tbe obiuc" 
- .he tnvnntton is thus satisfied when tne mmtvmmt condui , forms , $ulK J 
donsfc, eonncctton with d» ™, put por, withon, »« us. of cmnnt or other s^Unn, ah'hongh as 
memtoned P revious, y . a high-temperantre gasket may be used. 
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dump .ha. arouno end 304 of condu „ 30 „ ^ suppom k J=* 

S 352 has . upp er „ a „ se 356 . . curvcd . sem ,. cy „ ndhca , 358 ^ ' n ' M ^^ 

T 7" h " S,de 338 Apenures 36., are P ro„ ded ,„ ^ 35 , £ „^"' 

Secono po„,on 354 incites „ upper n a „ g . 36 4. , cu „ cd . scc ,l 6 ~ 

« .owe, Hun.. 3o, 370. Apertures « p,o, ided ,„ „ anges 36a . 368 ^ ~ ^ ^ 

con "« ,e ' 1 10 "PP» Ibnje 364. prefcroblv bv w e | ding 8 P K 

10 A mourning brace 3,4 has . venical „ an? . 376 . , ^ 

>ta *t " 4 " ™- 10 SU ^'— 20 * »-**• » - supers.roc.nre „ !0 lTe 
a« , , n honao „, al nange 37S a| . „ ^ ^ (no , showm ^ - 

i;:;:;:::r c,ure :o * —* *~ 374 - - * — - - - - - 

1 5 Once brace .74 is securer, ,„ supcrsmcture , 0 33J 

77 " *- "= "» -~ 381 - «*- 376. uo d bolls are pus.se. . „ I 
uh ne d opuses so us „ secure p„„,„„ 35 4 ,„ b , ace 3,4. The scc„„ d en. of a L such „ ^ 
end 304 or Hser 3W . is men p,uoe aga ,„s, se m ,.c y ,i„ dnca , ^ m Fira ^ ' ^ ^ 

- 0 ^norcs «*. « pu,„ or „ a „ gK „ aligncd nnd M „ are pasjed J * 
en d 04 , s pres . ure „, „„ hin scm ,, v|indnca , scc „ oi>s 366 an() J38 

r T' a " d omcr ^ Adap,or w - a,s ° ,hc prefemd <*- 

» o,300 . d . T h ecoo.,u,,o„or ad up,or350,„p ro ,, d ero,seu,u„,rreoco_,,o na ,, he Z 
- or *. ^...ounsror oo„ do „ supp o ned by lhe supemmcIure ^ - 

» po, pon „.». Md tirsl cnd 302 . or 30: , resp _ dy a||ows for - » 

repugn, o, c„„ duil 3W or 3007 A da p t o, 350 may ,„ £iud e a prorrusioo or projeorion or J 

-uspec, ,o rbe ponsp base Md f „ supe(smctllre _ ^ 
3 0 invention is shown in Fig. 5. 

seo 352 w„, be in *«B. Seo.,on 3 S2 - bas ^ „„ MS 354- „ d 356'. .borern eaobl 

sa, d nunges p refe „b ly in o tad es . si „ s ,e oircoiu, apenure 3W . Seouon 352' is fou™, so as ,o oreare 
35 '-^ly (ta p„ gW c^ gSdrfaCK35! , Atosl , dw „ illRt5 , aiie|bow 
and a mounting plate 380\ 

^ Adaptor 350' is uiilized by placing a generally cylindrical riser tube between sections 35- and 
354. ahpung flanges 354'. 364' and 356'. 366' and pairs of apertures 360'. 370". Bolts or other 
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— «- « - N ta« ^ ^ or ^ 3«v. w , 0 taw ^ , r . 

together. Clamping surTaccs 358" and suh-icm „~ • ' 

° <"iu iunaces <o8 press against the outer surface of rh- 
ho,d i, ,„ p,ace. This a ™ semcm is prefemd ov „ ^ ^ • ^ « * - - -< 

«*. naod no. «. „ ilh , he clamp ,„ s sute |=ss — * * . 

in lormini .he riser lube. expense! mas be used 

Clamp 350' huvinj ,wo chmpj0 , scclions „ c „ of which 
surfaces „ preferred Similar refute may be achieved, however if more man , ' ' 

, .as, one o,ampm g sccon havo a, ,ua s , ,wo s u bs.an,ia„y On, c ,ompi„ s s ulto , 

» »° - 300- - shown a s mnnoiiuhic p i ece , Al , enwlivc|y . „ sh( , wn „, 
aa„d l .,.a S e C ,,o„.,mera,.,nan s ferco„du,, 5 00„r500 m aybep rov, d ed. TununuroPiu ,3 J£ 
500 , fonned of mree S «c,,o„ s . a submerge, or ,„we, secbon. 502. aoenrer sccl io„ ,oa "a„ d a „2 
«. 00b ,h„ may oonneo, ,o an o.bow 508. shown in Pi, .. Secbons 50, ,„ 4 . 506 

Zl dT°" ,T " W " h ° U ' fc *" °'' — « " h " ""~ A ">- <»ev mavt 
uiiemblcd by means of rhreaded connecrions. ' ' 

The ,u,uo of proving secbona, oondui, 500 i, ma, ,ho muacnal of which rho vo„„u s suouon, 
are ,ormcd may be seieered ,o march dye condibons ,o wh,eh ,hey wi„ be exposed. The eon d l 
wmhm a mo„e„ mora, fumaoo vury gr e a „y from wimin , te meba,,ic barb. ,„ JL*, rf £^ 
am. ,o drc urmospheru above me bam. When me proper mo.edu, is used for eaob environment * 
of .he condu,, ,s cended a, a minima, Co*. For „amp fe . .he surface of m e ,a,,ic bam B is ,ho m« 
~— » wh,h condu,, 500 is exposed. „ , s „ erefore ^ „ ^ J ~ 

Imm,; C ' m ° S ' 0t,t " * ° XPOSCd 10 *" «~ * * 

e arn,,. CarJm , . ^ cxpeMiv , „ ^ „ ^ ^ _ ^ 

Al.cmahv„y. each secUon 502. 504. 506 may bo fom,ed „f g raph,.e. Seohou 504 which is 

hOWe ""- SeC "°" 504 *~ ™^ te -I— i— of rcp,aoin s me en,i re condu,, ,00 

,mKm ' ^ ™ d " S1S F '""" : '- 35 «— • Provdin, mo nuhe in suodot 

.^num of ,ho mbe can bu ua,ed. uooordin, . me hai^, of ,he pom, 'mp.y b 1^ 
aoh.mc „ g a seonon of mho. This redooea and s implite inuenro^ ,„ summ ^[ y 
saooona, oondui, 500. ,h. operaoomd ,if. of A. condui, is uxramed a, a min.mu, cos, 

F,, 13a shows anodror embodimon, of iimmion wherein sacdon, 503'. 504' and 508' are 
connected by rhreaded connecdons. 

Additionally, the preen, pump dev.ee ean be modu,ar. meaning that the vertical members. 
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^pecificlly me so pp o„ posts JO and ro,or shaf, 40. are sccuon.1 PW k 

' surr r of ba,h b and ^ ,css «*— * - — «:r 0 M f t r""* 

£ ra P h„e. the « clion e , poscd , 0 , he cauaic ■ J - ch secop . 

sections, cap be rP Plmd wilhoul havi „ ? „ ^ « ^ > -» . *. orhe, 

come in different S1KS and in »prvi„ e heiel,,, C um .,tv , P '" , ' ps 

10 fo, each p„m P he ifhl offered . By m „ ng fc ven , ca , d J ~ — 

"7"* of pans - * - d ■* — - **> 0, a core^p, n ... ds „ te , ™; ; -* 

component. AlUwgh it is prefer , hat „„ ^ usc(J ' h "" hl ° f '*< 

~pe« ,p ,h is P3 „ip ular Bpccl wou(d ^ „ to „ s „ J^£ZZ «* 
15 components than there are pump heights. "lengths °> sepoonal 

Finally, as shown i„ f ig . , 4 , ne . 
thetmocoppie 600 monnted wimtp . supporl pos , m 'J* ' 

sensth, means 60:. a cotd 604 and a conpeetor 606. >„ mis cmbMmsm , suppo „ £ 
axtai bore 6,0 that reoetves meamt 60: apd cord 604. One advance 0 , Z * ™ 

4 .opger „,e. Another advama . e „ te |$ J ~* 

■s PP, poshed abop, by the currents within „ c Thorefore. the tomperaL reJ, 
acPunate. „ „ als0 M „ ttmplaKd ,„ fc fc ^ " - 
base or another SU.ioppry pomp c o mp oo.,«. " P " mr 
A preferred embodiment having «, bcc „ < descnbtd . „ „ e 

- « - Hmtted. bo, , s , ns , ead „, fonh ,„ , he w cl _ and ^ 



BNSOOaO: <WO 9825031 A2 J. 



WO 98/25031 



II 



PCT/US97/:2440 



What h Claim-H [g ; 

I A device for pumping molten metal comprising: 

a) a superstructure; 

») a mow on said sopemnKom. said molor connecIed „ a dfi w ^ 
«> o poo, base oaviog „ in p„, pon . . chambc , fomrt ^ ^ 

to an output pon; " 5 

d) a suppon post connected to sa.d base and to said superstmcture- 

e) a rotor within said chamber, said rotor extending beyond said input pon- 
" a rotor shaft connected to said rotor; 

gi a coupling for connecting sa.d rotor shaft to said dnve shaft, .said ceuol.n, comprism- 
a rtrsc coupling member and a second coupling member and a foible dis~k pos.t.oned 
between said members; 

h) a metal-transfcr conduit forming a substantially tight connection w.th sa.d output pon 

without the use cement or other sealant; and 
') a thermocouple contained within said support post. 

A rotor for use in a molten metal pump chamber, said rotor having one or more vanes, wherem 
at least one of said vane(s) has a generally vertical port.on and an angled portion above said 
generally ven.ca. portion, said angled portion for directing mo.ten metal into said pump 
chamber and said vertical portion for directing mo.ten metal out of said chamber. 

A transfer pump inc.uding a pump base, said base having an input pon. a chamber, a discharge 
leadmg to an output pon and a button extending from sa.d output pon. sa.d button for 
connectmg to a metal-transfer conduit to fac.itate a substantia,* tight connects therebetween. 

A transfer pump as defined in claim 3 wherem said button is integrally formed with said pump 

A transfer pump as defined in claim 3 wherein said button is attached to sa,d p Ump base . 

A transfer pump as defined in claim 3 that funher includes a meta.-transfer conduit formintt a 
substantially tight connection with said button. 

A transfer pump as defined in claim 6 wherein said metal-transfer conduit is dimensioned to 
connect said button and is connected to said button without the use of cement or other sealant. 

A transfer pump comprising a pump base, said base having an input pon. a chamber a 
dtscharge lead.ng to an output pon and a metal-transfer condu.t forming a substantially tight 
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connection wich said ou«p ut pon without the use of cement or other sealant. 

A transfer pump as defined in Cain, 8 whe.m su.d output port and sa.d discharge form an 
angled opentng for receiving an end of sa.d metal-transfer conduit. 

i0. A device for pumping molten metal, said dev.ee comprising a motor and a pump hase bavin* 
an mpu, port, a chamber and a discharge .eading to an output pon. sa.d dev.ee tur^r 
compnsmg a rotor within said pump chamber, sa.d rotor extending beyond sa.d ,npu, pon. 

A dev.ee as defined in claim 10 wherein said rotor is imperforate. 
A device as defined in claim 1 I wherein said rotor is trilobal. 
A device as defined in cla.m I I whcre.n said rotor is quadralobal. 

A device as defined in claim... . where.n satd device funher-comprises a chamber wall and sa .d 
rotor mcludes one or more vanes wherein at .east one of said vanes inc.udes a pon.on that 
directs molten metal into said chamber and at least one of sa.d vanes includes a pon.on that 
directs molten metal outward aga.nst the wall of sa.d chamber. 



II. 



11 



13. 



14. 



15. 
16. 



A metal-transfer condu.t comprised of a plurality of interconnected sccuons. 

A support post for a molten metal pump co.npnsed of a plurality of interconnected 
sections. 



I" A rotor drive shaft for a molten metal pump comprised of a plurality of 
interconnected sections. 

18. A metal-transfer conduit as defined in Cairn .5 whercm said sections are interconnected 
without the use of cement or other sealant. 

19. A metal-transfer conduit as defined in Cairn .5 wherein one of said sections is comprised of 
ceramic and the other sections arc comprised of graphite. 

20. A method for removing a metal-transfer conduit from a molten metal pumping device, said 
method comprising the steps of: 

a. providing a molten metal bath: 

b- providing a molten metal pumping device positioned in the molten metal bath. 
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20 



said device including: 

a pump base having a pump chamber, an input port and a discharee 
leading to an output port; 
»• one or more support posts extending from .aid base: 

a superstructure attached to and supported by one or more of said 
support posts: 

iv. an adaptor attached to said superstructure: 

v. a metal-transfer conduit having a first end that forms a substantial 
ngh, connection with said output port without the use of cement or 
other sealant and a second end rctamed by said adaptor without the 
use of cement or other sealant; 

removing said device from the molten metal bath: 

loosening said adaptor and removing said second end without removme any 
sealant; and 5 7 

disconnecting sa.d first end of said metal transfer conduit from said output 
port without removing any sealant. 

A coupfing for use in a molten metal pumping dev.ee. said coupling connecting a 
shaft to a rotor shaft, said coupling comprising: 



d) 

e) 



->-> 



30 



35 



a first coupling member connected to said motor drive shaft- 
b» a second coupling member connected to said rotor shaft: said second coupling 

member spaced from said first coupling member; and 
O a flexible disk disposed between said first coupling member and said second 
coopling member, said disc connected to said first coupling member. 

A device for pumping molten metal comprising: 

a) a motor connected to a motor drive shaft; 

b) a coupling having a first coupling member connected to said drive shaft and 
a second coupling member spaced from said first coupling member, said 
second coupling member induding a socket having two opposm* flat surfaces 
and two opposing annular surfaces, said coupling further comprisine a flexible 
dtsk d.sposed between said first coupling member and said second coupling 
member. said disk connected to said first coupling member and connected to 
said second coupling member; 

O a rotor shaft having a first end received in said socket, said first end being 
configured so that it drivingly engages said socket, said rotor shaft having a 
second end; 

d) a pump base including a pump chamber, an input port and a discharge leading 
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23. 



25. 



a. 



to an output port: and 

e» a rotor connected to said second end of said rotor shaft, said rotor positioned 
within said pump chamber. 

A support post for use in a molten metal pumping device, said post meludinc a cavi.v lor 
retention of a thermocouple. ' ,y l0r 

A support post as detlned in Cairn 22 further comprising a .hermocouple retained „ ttnm said 

A method of forming a driving connection between a coup.ing and rotor shaft used in a molten 
metal pumping device, said method comprising the steps of: 

providing a molten metal pumping device, said device includin* a rotor and 
a rotor shaft; 

providing a coup.ing. said coup.ing hav.ng a first coup.ing member a second 
coupitng member and a flexible disk disposed therebetween, said second 
couphng member including a socket having two flat surfaces and two radial 
surfaces; 

providing a rotor shaft having an end formed to be received in said socket and 
substantially driven by said fiat surfaces; 

d. connecting the first coupling member to the motor shaft: and 

e. inserting said end of said rotor shaft into said socket. 

^ ^ 26. An adaptor for mounting a riser tube, said adaptor being formed of a p.unt.ity of connectab.e 

sections, a, leas, one of said sections including a substantially fiat Camping surface. 

27. A molten metal pumping device including a base and a thermocouple, said thermocouple being 
affixed to said base, h 

3 0 28. A device as defined in Caim 27 wherein said thermocouple is retained within said base. 

A device for pumping molten metal, said device comprising a motor and a pump base 
havmg an input port, a chamber having a chamber wall, and a discharge leading to an 
output port, said device further comprising a rotor within said pump" chamber said 
rotor including one or more vanes wherein at least one of said vanes includes a 
ponton that directs molten metal outward against the wall of said chamber and at 
least one of said vanes includes a portion that directs molten metal into said chamber 
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surface, ,a, d «„„ d e „ d hav ,„ g lwo „ a[ Mrfaccs 
~n sald ^ md sajd ro , or shaft , s drjwB ^ 
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